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osting by E
cense.Abstract Iron has been determined in apple and vegetables spectrophotometrically, by complexing
it with xylenol orange. 1:1 complex formed in a highly acidic medium is measured for its absorbance
at its kmax of 585 nm. The results have been compared by employing atomic absorption technique.
Apples and vegetable samples were collected from local markets of Pakistan. Statistical manipula-
tions, t-test and F-test, were performed and it was found that the results from the two techniques
have an excellent agreement.
ª 2010 King Saud University. Open access under CC BY-NC-ND license.1. Introduction
Various volumetric and gravimetric methods are known for
determination of iron (Furman, 1962; Vogel, 1989; Welcher,
1957). However, chances of errors are great, especially in
estimating trace quantities. Small amount of iron can be
determined spectrophotometrically using 1,10 phenanthro-
line, 2-20-dipyrdyl, thiocyanate, acetylacetone, indole-3-acetic
acid, N,N-bis(carboxymethyl)anthranilic acid and anthranilic(M. Akhyar Farrukh).
ity.
lsevieracid (Dinsel and Sweet, 1963; Furman, 1962; Kamnev et al.,
2001; Abd El Wahed et al., 2001; Dinsel and Sweet, 1961).
Boron concentration was determined in plant samples by
employing two methods i.e., spectrophotometric method
and ﬂuorimetric method and comparative study was done
between two methods by Aznarez et al. (1983). In the pres-
ent work Xylenol orange has been used to make a complex
with iron (Majeed et al., 1996) and experimental conditions
have been established to suit the efﬁcient determination of
iron in apple and vegetables through UV–Visible spectrome-
try. These results have been conﬁrmed by employing atomic
absorption technique.
Biologically, iron plays crucial role in the transport and
storage of oxygen and also in electron transport. Iron is an ex-
tremely important constituent of the blood and tissue of the
animal body. With few exceptions, there would be no life with-
out iron. The human body contains about 4 g of iron. About
70% of this is found as hemoglobin and remaining as ferretin,
and transferrin. The traditional methods for the determination
of iron in biological system have been colorimetric in nature.
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iron in apple and vegetables from the local markets of Pakistan.
The visible spectroscopic technique used for this purpose is
very simple and gives excellent results for detection of trace
amounts of iron in apple and vegetables. These results have
been conﬁrmed by employing atomic absorption technique.4
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Table 2 Iron content determined through atomic absorption
spectroscopy.
S. No. Samples No. of
repetition
Concentration ppm
(a= 0.05)
1 Potato with skin 3 2.51 ± 0.007
2 Potato without skin 5 2.03 ± 0.007
3 Brinjal with skin 3 3.62 ± 0.002
4 Brinjal without skin 5 1.85 ± 0.014
5 Spinach 4 3.15 ± 0.003
6 Apple 4 1.23 ± 0.004
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Figure 1 Concentration of iron in different vegetables and fruit
by spectrophotometry Samples 1: Potato with skin, 2: Potato
without skin, 3: Brinjal with skin, 4: Brinjal without skin, 5:
Spinach, 6: Apple.2. Experimental
A Shimadzu UV-160, UV–Visible spectrophotometer was used
to measure the absorbance and for conﬁrmation of results,
Perkins Elmer atomic absorption spectrophotometer model
3100 was employed. The pH measurements were made on Or-
ion (Model 520-A) pH meter. All of the volumetric glassware
used, was of A grade calibration.
All reagents were of analytical grade. Deionized water was
used throughout. The stock FeSO4Æ7H2O (Merck) solution was
prepared by dissolving 4.975 g of the salt in deionized water
and diluted to 1000 mL with the same. Acetate buffer was pre-
pared by dissolving 0.266 g of CH3COOH (Merck) in 1000 mL
of 5 N CH3COONa (Merck). Xylenol orange (Avondale) was
prepared by dissolving 0.125 g of xylenol orange in deionized
water having 0.125 mL concentrated HCl and diluting it to
250 mL. Thirty percent H2O2 was used fresh from the sealed
bottle.
Apple and vegetables (potato, brinjal and spinach) were ta-
ken and washed properly with deionized water. These were
subsequently cut with knife weighed instantly. After weighing
pieces of apples were placed in the beaker and put in the oven
for drying at 120 C and subsequently moisture content was
estimated. The samples were placed in crucibles, which were al-
ready cleaned and weighed.
These crucibles were then placed in a mufﬂe furnace where
the temperature was slowly raised from 200 to 500 C, for six
hours the process was repeated till a constant weight. Grey
white ash was kept in sample bottles. Subsequently the ash
samples were transferred into the 100 mL beaker. The crucible
was washed properly with the aqua regia and the washing was
also collected in the same beaker. Deionized and distilled water
was added and the contents were heated for 10 min.
After this, solution was ﬁltered and the ﬁltrate was collected
in a 500 mL volumetric ﬂask. Deionized and distilled water
was used to make up the volume.
2.1. Analytical procedure for spectrophotometric determination
Twenty milliliter sample solution was neutralized with NaOH.
To this 1 mL of (1:1) H2O2 was added followed by 5 mL of theTable 1 Iron content determined with xylenol orange,
spectrophotometrically.
S. No. Samples No. of
repetition
Concentration ppm
(a= 0.05)
1 Potato with skin 3 2.35 ± 0.020
2 Potato without skin 5 1.93 ± 0.001
3 Brinjal with skin 3 3.52 ± 0.017
4 Brinjal without skin 5 1.80 ± 0.002
5 Spinach 4 3.15 ± 0.024
6 Apple 4 1.15 ± 0.010buffer pH 1.5 and 4 mL of xylenol orange. The resulting solu-
tion was heated to 40–45 C. Subsequently it was cooled and a
complex of purple color was formed. The complex has a kmax
at 585 nm, on a Shimadzu UV-160, UV–Visible spectropho-
tometer. Stock solution of 100 ppm was given different dilu-
tions to prepare varying concentration of iron (0.5–5 ppm).
With the help of standard solution a calibration curve was
auto-established in quantitative mode of Shimadzu spectro-
photometer and concentration of iron was determined in the
sample solution directly.
2.2. Analytical determination by atomic absorption
spectrophotometer
These results were compared with concentration determined
by atomic absorption technique.1 2 3 4 5 6
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Figure 2 Concentration of iron in different vegetables and fruit
by atomic absorption spectroscopy Samples 1: Potato with skin, 2:
Potato without skin, 3: Brinjal with skin, 4: Brinjal without skin, 5:
Spinach, 6: Apple.
Table 3 Statistical measurement for t-test at a= 0.05.
S. No. Samples [Fe] by
spectrophotometrically
(ppm)
[Fe] by atomic
absorption spectroscopy (ppm)
tcal ttab
1 Potato with skin 2.35 2.51
2 Potato without skin 1.93 2.03
3 Brinjal with skin 3.52 3.62 0.021 2.57
4 Brinjal without skin 1.80 1.85
5 Spinach 3.15 3.15
6 Apple 1.15 1.23
Table 4 Statistical measurement for F-test.
S. No. Samples Standard deviation
by spectrophotometrically
Standard deviation by
atomic absorption spectroscopy
F-test calculated F-test tabulated
1 Potato with skin 0.008 0.003 0.140625 9.277
2 Potato without skin 0.001 0.006 0.027778 5.050
3 Brinjal with skin 0.007 0.001 0.020408 9.277
4 Brinjal without skin 0.002 0.011 0.033058 5.050
5 Spinach 0.015 0.002 0.017778 6.388
6 Apple 0.007 0.005 0.510204 6.388
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tometer were as follows:
Wavelength 248.3 nm
Flame atomic absorption working range 0.05–8 ppm
Graphite furnace atomic absorption working range 0.4–16 ppb
Lamp current 30 mA
Band width 0.2 nm
Fuel Air/acetylene3. Results and discussion
The iron concentration in apple and vegetables (potato, brinjal
and spinach) was estimated through two independent methods.
These results are depicted in the Tables 1 and 2 and displayed
in Figs. 1 and 2.
Iron xylenol orange complex method was found to be mar-
velously suitable for the determination of iron in apple and
vegetables. The reaction between iron and xylenol orange
was very quick. The complex is stable for 2 h.
Iron concentration as low as 0.5–4 ppm can easily be deter-
mined with appreciable accuracy in the form of iron xylenol
orange complex but the working range of atomic absorption
spectrometer to measure the iron concentration is 0.05–
8 ppm. The method is quite simple easy to carry out, selective
under experimental conditions mentioned above and saves the
valuable analytical time. This method can be applied to anal-
ysis of iron containing fruits and vegetables. Atomic absorp-
tion spectrometry is very sensitive to low concentration of
any trace metal and that the results from atomic absorption
method were found to have an excellent agreement with the
spectrophotometric method. Therefore determination of iron
in apple and vegetables with xylenol orange through Shimadzu
UV-160, UV–Visible spectrophotometer are credible. Concen-
tration of iron in vegetables was found to be high as compareto apple. It was also estimated that the concentration of iron in
vegetables with skin is higher than without skin.
4. Statistical manipulation
4.1. t-test (comparison of means)
Paired t-test values were compared with the tabulated t-values
at a= 0.05. It was found that tabulated t-values are greater
than calculated t-values (ttab > tcal), which state the validity
of the both methods. Results are shown in Table 3.
5.1. F-test (comparison of precision)
F -test values were compared with the tabulated F -values
(Table 4) and were found that tabulated F-values are greater
than calculated F-values (Ftab > Fcal), which state the both
methods are comparable.
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